Non-dialysable milk solids added to synthetic diluents improved the revival of deep-frozen bull spermatozoa. The use of casein led to a similar revival.
INTRODUCTION
In the past, numbers of diluents have been used in the preservation of bull spermatozoa at -79°0. Some of the most successful of these have been various milk preparations including whole milk, skim and canned milk, and reconstituted powdered mille Although information is now available on the use of these preparations as semen diluents Almquist 1954, 1957; O'Dell and Hurst 1956; Jakobsen 1956; Jones, Perkins, and Seath 1956; Blackshaw 1960) , little is known about the individual compounds or combinations of compounds in milk that make it so useful.
Experiments with such a complex biological fluid as milk suffer from the disadvantage that its composition cannot be submitted to adequate experimental control. A diluent with all the beneficial qualities of milk but of known composition would be of value in investigating the effects of deep-freezing on spermatozoa. In this paper, diluents with a composition broadly based on that of milk have been prepared and used to investigate these effects.
II. MATERIALS AND METHODS

(a) Techniques
An artificial vagina was used for the collection of bull semen (Walton 1933) and only apparently normal ejaculates ",ith high initial motility were used. Aliquots of each ejaculate were diluted at 30°0 with nine volumes of each diluent used in the experiment and the semen-diluent mixtures were chilled slowly to 5°0 over 2 hr. An equal volume of the corresponding precooled glyceroJ---diluent mixture [containing 15% (v/v) glycerol and 85% (v/v) diluent used for initial dilution] was added to the chilled suspensions to give a final glycerol concentration of 7·5%. In all but the final experiment, the glycerol-diluent mixture added to the chilled suspensions contained no additional sugar.
Unless otherwise stated in the results, the spermatozoa were allowed to equilibrate for 18 hr with glycerol before being sealed in ampoules and frozen. In the experiments where different periods of equilibration were studied, it was necessary to freeze the treatment groups at different times. In order to minimize confounding of treatment differences with differences between times of freezing, duplicate samples of each treatment group were sealed in separate ampoules. One set of ampoules was placed in one freezing unit and the duplicate set placed in another. Each freezing unit was "then cooled to -79°C separately. In all experiments, the cooling rate recommended by Polge and Lovelock (1952) was used and samples were stored at -79°0 for at least 24 hr before thawing. After thawing, the spermatozoa were incubated at 30°C for 20 min before estimating motility and percentage of motile spermatozoa. Readings were made on a warm stage under the low-power microscope at i-hr intervals for 2 hr. Motility was scored by the system of Emmens (1947) and the percentage of motile spermatozoa was estimated to the nearest 5%. The indices of motility and percentage motile were calculated by summing observations over the 2-hr period for each sample. Thus they give an index of survival over the observation period rather than initial revival after thawing.
In one experiment, bull spermatozoa were chilled for 24 hr in various diluents. During this short period of storage, no antibacterials were added to the diluents.
(b) Diluents
All diluents were isotonic, of pH 7 '0, and were made from A.R. chemicals and distilled water. For the first experiment, the diluents had the following composition:
(1) Sodium chloride diluent: 0·154M: NaO!.
(2) FructosEhSodium chloride diluent: 0 ·077M NaOI, 0 . 154M fructose.
(3) Oalcium.freeKrebs-Ringer ("Ringer") phosphate-fructose diluent (Umbreit, Burris, and Stauffer 1949) : O· 01M Na,HPO" 0·005M KOI, 0 ·OOlM KH,PO" O·OOlM MgOI" 0·132M NaOI, 0·0056M fructose. The composition of diluents used in other experiments are given in the tables showing the results of these experiments. All were buffered with 20 mM NaH,PO,-Na,HPO, and isotonicity was maintained by varying the sodium chloride content. These diluents are broadly based on data for the composition of cow's milk (Altman 1961) .
(c) Preparation of Dialysed Milk Extracts
A lO·ml sample of reconstituted skim milk powder was dialysed against 100 ml distilled water for 24 hr, the dialysate replaced with 100 ml distilled water, and dialysis continued for another 24 hr. "Cellophane" was used as semi-permeable membrane. The dialysable fraction was evaporated to dryness in vacuo at 40°0 and made up to the original volume with distilled water. The non·dialysable portion was lyophilized and made up to the original volume with the appropriate isotonic diluent.
(d) Stati8tical A nalY8i8
For the analyses of variance of the results, all main effects and their first-order interactions were isolated and tested for significance. In the summary form for the tables, however, only the first-order interactions which were significant have been presented as separate variance ratios. All non-significant interactions have been combined and their pooled variance used to calculate the variance ratio.
III. RESULTS
Samples of reconstituted skim milk (10% w/v) were dialysed and the dialysed milk extracts added to diluents used in the deep-freezing experiments. Non-dialysable milk solids (3% w/v) were dissolved in isotonic sodium chloride, isotonic sodium chloride-fructose, and in Ringer diluent and compared with casein (3% w/v) in the same diluents. As preliminary tests showed that the reconstituted dialysable portion of milk depressed motility slightly, it was diluted with an equal volume of Ringer solution for the test. The results for four ejaculates and a summary of the analyses of variance are given in Table 1 .
The spermatozoa survived freezing best in reconstituted skim milk. Although solutions containing 3 % casein and non-dialysable solids gave similar results, the effect of these additives varied with the diluent in which they were dissolved. A balanced salt solution was slightly better than sodium chloride but the addition of fructose greatly enhanced revival. Dialysable milk solids were not effective in sustaining viability during deep freezing.
The effects of albumin, globulin, and casein (all 3%w/v) on the survival of chilled spermatozoa were compared by adding these proteins to diluents buffered with mono-and disodium phosphates and containing 22 :mM fructose as substrate for the spermatozoa. Other constituents were varied to test the effects of 3%(w/v) lactose and a sodium/potassium ratio similar to milk. Casein was the only protein to increase viability of four bull ejaculates chilled to 5°C for 24 hr and globulin was slightly toxic. In view of the general poor viability of the samples containing albumin and globulin after 24 hr at 5°0, only the casein-containing solutions were used as diluents for deep-freezing bull spermatozoa. Even then, revival was unsatisfactory for the four ejaculates used and only in the potassium-free lactose-containing diluent was there a measurable revival. Revival in lactose-free diluents and in those containing potassium was negligible.
The effects of low concentrations of potassium, magnesium, and calcium, alone and in combination, were tested in diluents containing either lactose or an equivalent amount of fructose. These diluents were buffered with mono-and disodium phosphates and contained 3%(w/v) casein. A1iquots of three bull ejaculates were diluted in each of the diluents and deep frozen after 2 or 18 hr equilibration. The results and the summary of the analyses of variance are shown in Table 2 . Fructose was better than lactose, and calcium improved the motility of surviving cells. Potassium and magnesium had no effect. Although 18 hr equilibration was overall better than 2 hr the effect varied from ejaculate to ejaculate and the effect of equilibration was not significant when tested against the significant ejaculate X equilibration interaction.
The diluents of composition shown in Table 3 were used to compare the effects of casein and non-dialysable milk solids (aIl3%w/v). Within the diluents, the effect of adding 7 mM citrate, the amouut present in milk, was tested and lactose was again compared with an equivalent amount of fructose. Fructose was also included in the corresponding glycerol-diluent mixtures added at 5°C to give concentrations of 0·625 and 1· 25%(wjv) and these samples compared with others diluted with glyceroldiluent mixtures which did not contain fruotose. The semen suspensions were frozen after 2 or 18 hr equilibration and the results for four ejaoulates and a summary of the analyses of varianoe are given in Table 4 .
The substitution of fruotose for laotose in the original diluents was benefioial and non-dialysable milk solids were better than oasein. However, there was an interaotion between these faotors and although the motility of surviving cells in the caseinlaotose diluent was low, the substitution of fructose for laotose was so benefioial that motility in the fruotose-oasein diluent almost equalled that in lactose-or fructosemilk solid diluent. In addition, the beneficial effect of substitution of fructose for lactose was slightly less after 18 hr equilibration. The addition of fruotose to the glycerol-oontaining diluent improved revival both when lactose and fructose were present in the original diluent. Citrate slightly improved revival but its effect varied from ejaculate to ejaculate and the overall effect was not significant when tested against the citrate X ejaculate interaotion.
IV. DISCUSSION
The non-dialysable fraotion of milk is an important part of milk diluents used for semen preservation. Its effeot, however, varies with the solution in which it is dissolved and there is probably a siguificant contribution of both non.dialysable and dialysable portions to make milk such a good diluent. The use of 3% casein leads to similar revival to that in non-dialysable milk solids but other proteins such as albumin and globulin cannot act as substitutes. In well-prepared non-dialysable fractions, the presence of residual lipids or combinations of proteins probably explains any superiority to casein. Both casein and non-dialysable milk solids protect spermatozoa against cold shock (Choong and Wales 1962) and it is tempting to suggest that milk proteins may have a similar role during rapid cooling at sub-zero temperatures. Proteins and other large molecules have been found to protect spermatozoa against the effects of dilution (Blackshaw 1953; White 1961, 1963) and it has been suggested that their beneficial effect is due to maintenance of the integrity of the cell membrane. During preservation at sub-zero temperatures, the cell membrane of spermatozoa is probably affected by freezing and thawing and milk proteins may well protect against undue increases in permeability.
In the milk dialysate, lactose is important as a constituent of semen diluents. In synthetic diluents, however, fructose was superior to lactose. Moreover, it is sur· prising to find that the addition of even more fructose after chilling improved the revival of spermatozoa in a diluent already containing 144 liM fructose. This additional fructose may help to offset any adverse effects of the glycerol added at the same time, or the higher concentration of the hexose per 8e may be beneficial.
As the use of diluents with sodium/potassium ratios and concentrations similar to that of milk decreased revival, the potassium of milk is probably bound in such a way that it is not available to the spermatozoa as an ionized electrolyte. In shortterm incubations of spermatozoa, potassium is beneficial and very high levels have to be reached before motility is depressed (White 1953a (White , 1953b White 1958a, 1958b) . During ice formation potassium levels in the unfrozen fraction of the diluent possibly rise high enough to become detrimental.
In the experiments reported here, there was little evidence of any interaction between various constituents of diluents and, so far, it would seem that each constituent has an independent effect which is added to that of others.
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